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SYNOPSIS:' In this paper a semi-analytical iteration method for predicting the seismic pore-water pressure 
generation and dissipation in saturated sand layers is suggested. The fundamental formulae including 
three general analytical solutions under the condition of the 1-D, 2-D, and 3-D dissipation and the calculation 
principle are briefly presented, and then the suggested method is used in predicting the generation and dissipa-
tion of seismic pore water pressure in the 1-D saturated sand layers as an example. The suggested method pro-
vides the possibility to consider at a certain extent the change characteristics in permeability and volumetric 
strain of sand during the seismic action and the effect of earthquake wave pattern and its intensity on genera-
tion-dissipation regulations of the seismic pore water pressure. 
INTRODUCTION 
The effective stress method is now widely used not 
only in statio stability analysis of earth-rook dams 
and soil foundations, but also in dynamic stability 
analysis of soil mass as efficient tool. The reliabi-
lity of analysis based on the effective stress method 
depends extremely on the level of theory and applica-
tion in seismic pore water pressure researoh.As well 
known that the theoretical and practical problems of 
seismic pore water pressure have been studied deeply 
and effectively in a board background of engineering 
application, Some representative views desoribingthe 
mechanism of pore water pressure change have been pre-
sented by Wang Wenshao (1964), Martin (1975).Ishihara 
(1975) and Xie Dingyi (1987) et al. The models es-
tablished for predicting the pore water pressure ge-
neration in undrained condition have amounted to about 
several tens. Wide study on pore water pressure ge-
neration-dissipation in natural drained condition are 
also conducted. The calculating approaches is general 
ly based on coupling the model of cyclic pore water 
pressure generation in undrained condition with the 
formulations of either the Terzaghi's consolidation 
theory or the Biot•s consolidation theory. The prior 
approach is first suggested by Chinese Researcher 
Wang Wenshao (1964), and then Seed, Martin and Lysmer 
(1976), Seed and Booker (1977), Wang Tiansong, Liu 
Ying, Tong Yun and Qi Xin (1983) gives their studies 
in 1-D, axial-symmetric and 2-D plane conditions res-
pectivelyJ Terzaghi's theory is also extended to the 
condition when dynamic loading is applied on the sur-
face of soil layers. As the example of the latter 
approach, the studies by Shen Zhujiang and Xu Zhiying 
(1980, 1981), Xie Ding-yi (1989) for the 2-D condi-
tion, studies by Xu Zhiying and Zhou Jian (1985) for 
the 3-D condition could be pointed out. It can be 
seen that less factors are considered such as neglec~ 
ing the relation between pore water pressure change 
and deformation in establishing the models of the 
first approach,butit is easier to solute and hasmore 
experience in engineering application. In addition, 
the analytical solution also can be obtained in some 
practical conditions. On the contrary, in establish-
ing the models of the second approach the equilibrium 
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relations of forces, geometry relations, constitutive 
relations and fluid continuous relations are consider-
ed, so it has a more complex theoretical system,but 
it asks a more complex process to solute. Therefore, 
this paper is based on the advantages of the first 
approach as well as the understanding for transient 
change mechanism of dynamic pore water pressure in 
saturated sand so as to present a simplified method 
for calculating the seismic pore water pressure with 
consideration of changes in soil characteristics such 
as permeability and volumetric strain. The authors 
are expecting to meet any benefit in seismic pore wa-
ter pressure generation-dissipation calculation and 
liquefaction analysis. 
FORMULAE IN CALCULATING SEISMIC PORE WATER PRESSURE 
GENERATION-DISSIPATION 
Coupling Terzaghi's consolidation theory with the cal-
culating model of seismic pore water pressure genera-
tion in undrained condition, we can obtain a differen-
tial equation discribing the seismic pore water pres-
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where K ,K and Ky are the permeability coefficients 
of soil fn xthe directions of coordinate axes x,y and 
z respectivelyJ ~ is the unit weight of water; mv 
is the coefficient of volumetric strainJ u and u• 
are the seismic pore water pressure in saturated sand 
under naturally drained condition and undrained con-
dition respectively. 
Several tens of the models a.nd empirical formulae foi 
calculating the seismic pore water pressure suggested 
at present by the Chinese and foreign researchers can 
be exPressed generally as 
u" = F (M,t) (2) 
where& t = The time of seismic shock 




at= f (M,t) ( 3) 
then the fundamental equation (1) can be rewritten in 
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In order to use this fundamental equation in calculat-
ing the seismic pore water pressure in the geotechni~ 
earthquake engineering problems, it is necessary (1) 
to determine the coefficient of permeability K and 
coefficient of volumetric strain mv during the seis-
mic pore water pressure generation-dissipation, (2) 
to choose the specific model (E~.(2)) of seismic pore 
water pressure generation, and \3) to solve the funda-
mental equation (4) under a certain boundary value 
condition. In view of limited volume of paper the 
first two points will be discussed in detail in the 
other paper submitted to the current conference (Xie 
and Zhane, 1991). The last point for which the ana-
lytical solutions from 1-D to 3-D conditions have been 
obtained and the existence, uniqueness and stability 
of these solutions have been proved, has been also 
published in the other papers (Zhang, Xie et al,l990a 
and 1990b). In this paper the formulae for determin-
ing the seismic pore water pressure generation-dissi-
pation, the seismic pore water pressure generation un-
der undrained condition and the calculating parame-
ters are abstracted directly from the related referen-
ces so that this paper can focus on the application of 
these formulae in the semi~nalytical iteration calcu-
lation of the seismic pore water pressure in saturated 
sand layer. 
Analytical Solutions for Calculating Seismic Pore 
Water Pressure Generation-Dissipation 
For the 1-D condition: 
( ( 2n+ 1) )" -rr• • 
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where: 
for the 2-D condition& 
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In equation (5)-(10), the functions of~ are the ini-
tial pore water pressure field in saturated sand lay-
er before seismic shock and the function of coordinate 
figure; h is the depth of sand layer; R is the horizon· 
tal distance considered in calculation under the 2-D 
condition; R,x R. is the horizontal plane domain con-
sidered in calculation under the 3-D condition. 
Models of Seismic Pore Water Pressure Generation 
under Undrained Condition 
-6.!. 
uf ( 1 - e . tf (A form) 
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.a arc sin (!) ~ (B form) u 1r uf tf 




where' (3, q, b are the calculating parameters; A, 
B, C are the symbols denoting the forms of the pore 
water pressure generation history; uf is the ultimate 
pore water pressure, equal to the maximum value of 
seismic pore water pressure produced during the seis-
mic process; tf is the seismic time corresponding to 
Uf• The value of Uf depends on the seismic intensity, 
stress-strain condition and the criteria of the maxi-
mum value, i.e. 
(12) 
where: u0 is the initial effective spherical stress; 
m1 is the coefficient denoting the effect of seis-
mic stress intensity on the generation of pore water 
pressure; ms is the coefficient denoting the effect 
of stress-strain condition on the level of pore water 
pressure generation. 
parameters in Calculating Pore Water Pressure 
Generation-Dissipation 
The coefficient of permeability under seismic condition 
in which seepage occurs in company with the slide of 
soil particles and the volumetric strain of soil skel& 
ton are suggested to determine from the following for· 
mula: 
K c Cd.c. 
[no ± Evl3 
[l-n0 ±(-Evl )" 
(13) 
where: n = the initial porosity of soil; Cdc the co-
efficient0denoting the seismic effect on seepage, it 
is a function of pore water pressure leve ~ 1 fv -= 
(),, 
the volumetric strain potential corresponding to~ (J,; 
d50 is the mean diameter of soil particles; C = the 
coefficient of the mean diameter; Yw and 1 are the unit 
weight of water and coefficient of viscosity of water 
respectively. The marks 11 + 11 or "-" is used according 
to the decrease or increase of soil density with res-
pect to the initial soil density respectively. 
The coefficient of volumetric strain may be determened 
u B 1 2 u )2BJ 
cr,: ) + 2 A ( ~/c 
as 
(14) 
Hhere: mvo -= the coefficient of initial volumetric 
strain depending on the cause of occurrence and genera· 
tion-dissipation regulation of seismic pore water pres· 
sure; A and B = the calculating parameters depending 
on the relative density of soil, A-= 5(1.5-Dr), B = 
3-2Dr. 
SOME DISCUSSIONS OF THh FORMULAE FOR CALGULATING 
SEIS!>1IC PORE WATER PRESSURE 
Some discussions of the above suggested formulae for 
analytical solution and calculating parameters will be 
given in this section. 
Formulae for Analytical Solution 
Because of the focal point that concentrates to des-
cribe a practical semi-analytical calculating method 
of seismic pore water pressure generation-dissipation 
in this paper, the 1-D condition is taken as an example 
to show the application and suitable condition of the 
calculating formulae and the two other conditions (2-
D and 3-D) can be seen in the references (Zhang and 
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Xie et al 1990a and 1990b). The conditions complicat-
ed by the movement of underground water level and 
the effect of foundation will be presented in the 
other paper. 
The seismic pore water pressure generation-dissipa-
tion in saturated sand layer for the 1-D problem un-
der the solution conditions shown in Fig. 1 may be 
calculated by formulae (5),(11),(13) and (14). The 
first term of formula (5) is used to calculate the 
dissipation of initial pore water pressure field;The 
second term can be used to calculate the pore water 
pressure generation-dissipation during earthquake.If 
the initial pore water pressure '}J ( z) at the beginn-
ing of earthquake (t=o) is equal to zero at any point 
in sand layers, then the seismic pore water pressure 
generation-dissipation during the earthquake can be 
determined by using only the second term of the for-
mula (5). However, for the pore water pressure dis-
sipation after earthquake it can be determined by 
using only the first term of formula (5) in which 
the initial pore water pressure field is just that 
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Fig. 1 Condition of soil layer 
Models of Pore Water Pressure Generation 
The earthquake loading is irregular in practice. The 
monotonously increasing process of pore water pres-
sure in sand under irregular loadings and undrained 
condition may have three forms of A,B and C de-
pending principally on the wave order of earthquake 
loadings (Zhang and Xie, 1990). On the basis of the 
author's making investigations into 25 models of sei~ 
mic pore water pressure and the analysis of experimen-
tal results, it can be seen that these three forms A, 
B, and C may be expressed by the three models shown 
in formula (11) with proper determination of the cal-
culating parameters {3 , cr, and b in the formulae. 
These expressions consider in some extent the effect 
of wave order of earthquake on the regulation of 
pore water pressure change. The range of taking va-
lues of (3 , 0(, and b can be seen in Fig. 2. 
Another two coefficients m1 and ms are drawn into to consider the effect of dynamic loading intensity 
and the stress-strain condition on the level of pore 
water pressure development. The two coefficients mL 
and ms for the 1-D soil foundation are 
where 
'Ldmax 
c, - c~"td-max 
rna = -::--:~--1+2K0 
(15) 
( 16) 
~dmax is the maximum seismic shear stress 
at the calculating point. It is determined from the 
Fig. 2 Theoretical curve forms of seismic 
pore pressure generation model 
earthquake response analysis or the method suggested 
by seed et al (1971). The calculating parameters C1 
and C2 can be determined in simple shear test or 
triaxial test under irregular loadings. They are 
also related to the time of seismic action; K0 is 
the coefficient of earth pressure at rest. 
Formula for Determining the Coefficient of Permeabi-
lity 
The coefficient Cd denoting the seismic effect on 
seepage in Eq. (13) is different for the different 
conditions: the condition without occurrence of struc· 
ture pore water pressure due to soil structure des-
truction, the condition with structure pore water pre· 
ssure dissipation during earthquake and the condition 
with structure pore water pressure dissipation after 
earthquake (Xie and Zhang, 1991). The volumetric 
strain potential £v in formula (13) is determined 
from the curve of E v ~ u/ (Jl~ relation obtained by the 
tests corresponding to the above-mentioned conditiore 
and depends on the level of pore water pressure ge-
neration u/ o;.~ • 
Formula (13) can be simplified for saturated stan-
dard sand as 
Formula for Determining the Coefficient of Volumetric 
Strain mv 
Formula (14) is an analytical expression suggested by 
Seed et al (1976) for determining the coefficient of 
volumetric strain mv in consideration of the pore wa-
ter pressure level and the initial relative density 
Dr. On the basis of our comprehension for the mecha-
nism of transient dynamic pore water pressure ohange 
(Xie and Zhang, 1987, 1990), we suggest determining 
the quantitative change of mv during pore water pres-
sure diffusion and dissipation of different formation 
by conducting test called as the consolidation-vibra-
tion-back pressure loading and unloading test. The 
experiments show that the values of the ooefficientaf 
initial volumetric strain mvo are different for dif-
ferent conditions (the condition without structure 
pore water pressure, the condition with structure pore 
water pressure during earthquake and the condition 
with structure pore water pressure after earthquake) 
and different development path of pore water pressure 
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(diffusion and dissipation) (Zhang and Xie, 1991 ) , 
SEMI-ANALYTICAL ITERATION METHOD FOR CALCULATING 
SEISMIC PORE WATER PRESSURE 
As we know that the calculating parameters K and mv 
in the analytical formulae (5)-(10) should be cons-
tant, but mv and K during the pore water pressure 
generation and dissipation are practically variables. 
This nonlinearity of the soil material can be consi-
dered by the so-called semi-analytical seoant itera-
tion algorithm suggested below. This method is also 
convenient to consider the nonlinearity of pore water 
pressure generation. 
The suggested method is demonstrated below for the 
1-D problem. 
At first, substituting the initial values of K and 
mv into formula (5) to calculating the pore water 
pressure u 1•1 at the time t It is clear that 
this pore water pressure u 1•1 is not the true solu-
tion at the time t because the values of K and 
mv at this time is different from their initial va-
lues. When the already-modified values of mv and K 
for u~u 1• 1 are determined from formulae (13) and(l4), 
a new value of u ,.2 can be obtained, The above-men-
tioned procedures are repeated to calculate the itera-
ting values of pore water pressure u ,_, , u ,. 11 , 
for the moment t These values of pore water pres-
sure will gradually close to its true value u 1 and 
that can be determined by the one whose value has an 
allowable difference from the preceding one. 
The same procedures can be used to determine u. for 
the time t,> t 1 , to determine u, for the time t,,. t, 
•••••• until the whole process of seismic pore water 
pressure generation-dissipation is obtained, 
EXAMPLE FOR CALCULATING SEISMIC PORE WATER PRESSURE 
GENERATION-DISSIPATION BY SEMI-ANALYTICAL ITERATION 
ALGORITHM 
For the calculation of seismic pore water pressure 
generation-dissipation in practical sand layer it is 
necessary to conduct, first of all, the static analy-
sis and seismic analysis. The static analysis provi-
des the initial statio stress field in saturated sand 
layer from which the initial mean effective stress 60 
can be obtained. The seismic analysis provides the 
values of seismic response occurred in sand layer dur-
ing earthquake, such as the seismic shear stress his-
tory at any calculating point in sand layer,and there-
fore the level of pore water pressure development Uf• 
Based on these values the proposed method in this pa-
per may be used in analysing the seismic pore water 
pressure generation-dissipation, that is, the evolu-
tion of the seismic pore water pressure field in sa-
turated sand layer. The liquefaction can be analysed 
to determine the range and development of liquefied 
sand layer according to development of pore water 
pressure. 
A calculating programme has been worked out for the 
above-mentioned formulae and procedures. The suggest-
ed method will be illustrated below by the results 
calculated with the programme for the 1-D homogeneous 
saturated sand layer (Fig.l). The depth of the sand 
layer h=l5m, the relative density of sand D~50%,the 
initial porosity of sand n0 -0.374J the mean diameter 
of soil particles d50c0,43mmJ coefficient of mean 
diameter Cc2o383xlO-j; the coefficient of initial vo-
lumetric strain mvo•l.7xlo-4~.0xlo-4 KPa- ( the 
upper limit value and lower limit value are used fo~ 
calculating the pore water pressure dissipation dur.ung 
and after earthquake respectively). 
In this calculation the two records in earthquake oc-
curred in the USA at Imperial Valley in 1940 and 1979 
are used as the seismic wave of rock base. The peak 
of the acceleration of these earthquakes are adjust-
ed to the value 0.25g.The seismic duration is 19.2 
seconds. These two earthquakes are characterized by 
the peak accelerations which occur at the beginning 
of the prior earthquake and at the middle of the 
latter earthquake. So the models of A form and B 
form pore water pressure generation are chosen for 
the prior and latter earthquake respectively. The 
seismic analysis is done in 6 time intervals with the 
computing steps equal to 0.02 second. 
The calculating results of the seismic pore water pre-
ssure for the two earthquakes are shown in Fig.3 and 
Fig.4 indicating the distribution of pore water pres-
sure with the depth of soil layer at different time. 
If these figures are plotted in relation of pore 
water pressure ratio u/Gvo with depth (Fig.5 and Fi~· 
6), then the range and distribution of liquefied sand 
layer may be obtained by the criterion that lique-
faction will occur when u/(5~, equals 1. 
P~ ¥.ai:er ~ /1. I K!W 
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Fig. 3 Evolution of seismic pore -~ 
pressure field when u"=uf( 1- e f) 
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Fig. 4 Evolution of seismic pore water 
pressure field when u*= £ 
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Fig. 5 Distribution of seismic 
pore pressure field 
Fig. 6 Distribution of seismic 
pore pressure field 
It is necessary to point out that the seismic pore wa-
ter pressure field at the end of earthquake must be 
figured with a distribution function of pore water pre-· 
ssure rp ( z) if the pore water pressure dissipation af-
ter the earthquake is needed to calculating. In this 
situation the function 'f'(z) is substituted in the 
first term of formula (5) and calculation is made by 
using the above-mentioned programme. This will be 
left out due to the limited volume of paper. 
ENDING WORDS 
The calculation of seismic pore water pressure in sa-
turated sand layer is one of the extremely complicated 
problems with high theoretical and practical signifi-
cance. Though this paper is aimed at in a step achiev 
ing a practical and simplified method on the basis of 
the suggested semi-analytical iteration algorithm and 
the determination of calculating relation and calculat· 
ing parameters, but, it is obvious that the work in 
this paper is still far behind the requirement from 
the complicated practical engineering background.Deep-
er research will still be needed. 
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